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PREFACE

This report (originally issued on 1 September 1952 as AWSM 105-124) was converted to an Air Weather
Service Technical Report (AWS/TR-79/006) in December 1979. Surprisingly, there have been only minor changes
in the basic procedures for plotting, analyzing, and using the Skew T, Log P diagram over the past 35 years. The
two recent revisions (November 1987 and March 1990) are primarily concerned with new stability indices. This
reprint, which incorporates all revisions and errata to date, was necessary to replenish stock and fill outstanding
orders for this venerable document.

Many of the changes in the 1987 revision had to do with updating obsolete references, but instructions for
plotting and using the pressure altitude curve were also added, as paragraph 3.7. A major change was the addition
(in Chapter 5) of several new stability indices, along with their descriptions and formulas. For the latter, AWS
thanks Bill Henry of the National Weather Service Training Center, whose pamphlet (The Skew T, Log P, Diagram)
provided most of the material.

The 1990 revision adds several new stability indices currently displayed on the Satellite Data Handling System
(SDHS), the Automated Weather Distribution System (AWDS), and microcomputer Skew T programs. For the
microcomputer indices, AWS/XTX used the very recently published Skew-T Professional, Version 2.3, 2 November
1989. This revision also includes procedures for determining a Fog Stability Index, a Fog Point value, and a Fog
Threat value.

This printing (March 1990) also incorporates August 1988 and March 1989 errata.

Readers may note that many of the equipment references in Chapter 7 seem obsolete. These references (along
with some of the equipment) are being reviewed for possible updating in subsequent revisions.
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Chapter 1

INTRODUCTION

1.1. Organization of the Manual. This manual 1.2. Reason for Choosing the Skew T, Log P
is issued in one volume. A planned second Diagram. The Skew T, Log P Diagram was
volume to cover the use of atmospheric sound- selected by AWS as the most convenient
ings in forecasting proved impracticable to thermodynamic diagram for general use. It
compile. Also, the general use of computer- was chosen in preference to numerous other
produced analysis and prognostic charts has diagrams because it is easier to use in many
greatly decreased Lhe direct application of meteorological procedures and computations.
soundings in forecasting. However, Chapter 8
is added to note some ases of soundings in Such thermodynamic diagrams as the Ema-
techniques for forecasting certain phenom- Skew T, Log P Diagram all express the same
ena. The manual opens with a description physical relationships [33] and show isobars,
of the DOD Skew T, Log P Diagram (chap- isotherms, dry adiabats, saturation adiabats,
ters 1 and 2) and instructions for plot'ang indthermstdry adxabatstsaturatsonadeabats,
soundings on it (chapter 3). The procedures an in mixing-rato es Theydi-
for evaluating, on the diagram, certain basic fe only ie a tofh cori
quantities from the sounding are then out-
lined in chapter 4. Up to this point, the treat- For convenience and utility, it is desired to
ment is designed for guidance of both have a diagram on which: a) the important
observers and forecasters. The rest of the isopleths are straight rather than curved, b)
manual is a text for forecasters on the the angle between adiabats and isotherms is
principles and procedures of analyzing raobs large enough to facilitate estimates of the
on the Skew T, Log P Diagram for stability, stability, c) the ratio of area on the chart to
fronts, inversions, and clouds. This material thermodynamic energy is the same over the

is not a review of the conventior.al standard whole diagram, d) an entire sounding to levels
textbook approach, but a selection and eval- inside the stratosphere c.'n be plotted, ande)
uation of topics which recent experience and the vertical in the atmosphere approximates
empirical studies indicate are of direct ap- the vertical coordinate of the diagram. Both
plication to practical forecasting under the skewed version of the Tephigram and the
present operating conditions in ordinary Skew T, Log P Diagram have most of these
detachments. In chapter 8 various empirical advantages, but the latter is preferred be-
forecasting procedures involving use Gf the cause its isobars are straight, which makes
soundings plotted on Skew T, Log P Dia- it easier to e3timate pressure altitudes.
grams are mentioned with respect to clouds, The Skew T, Log P Diagram was developed 2

fog, precipitation, showers, temperature, from the Emagram by "skewing" the iso-
hail, icing, contrails, and turbulence. therms of that diagram to nearly 45 degrees

1In the United States, the Stive Diagram came to be known as "The Pseudo-Adiabatic Diagram."
A,-tually, all of the diagrams mentioned are "pseudo- adiabatic diagrams," in that they are
dvrived by assuming that the latent heat of condensation is used to heat the air parcel, and that
condensed moisture falls out immediately (see pars. 2.4 and 5.3).

2The coordinate system of the Skew T, Log P Diagram was first suggested by N. Herlofson
[30], a Norwegian meteorologist.
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from the vertical to increase the angle be- "Skew-T Chart" - is printed by the Aero-
tween isotherms and adiabats. On the Skew T, nautical Chart and Information Center (ACIC),
Log P Diagram, both the isotherms and and can be requisitioned by USAF activities
isobars are straight lines. The desired re- in accordance with instructions in the DOD
lationship between energy and diagram area Catalog of Weather Plotting Charts published
is also essentially fulfilled, so that thickness by ACIC. The Skew-T Chart is available in
scales are easily prepared for any given five versions:
layer. In addition, a convenient color scheme a. A full-scale chart for general use
has been selected, and auxiliary scales have (DOD WPC 9-16), printed on a sheet 28 x 30
been added to further enhance the value of the inches. This version now includes the Apple-
diagram. A detailed description of the Skew T, man contrail forecasting curves (see AWSM
Log P Diagram is given in Chapter 2. 105-100) which were on the formerly issued

WPC 9-16B.
1.3. Different Versions of the DOD Skew T, b. A small-scale chart (DOD WPC
Log P Diagram. The DOD Skew T, Log P 9-16-1), photographically reduced from the
Diagram - hereafter referred to as the full-scale chart, and printed on a sheet 17x 15
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inches. This version eliminates several of the perature marks are included. This version
auxiliary scales and overprints, and is in- was designed for the special requirements of
tended for use where these scales are not the Military Weather Warning Center.
required and display or handling problems
make a smaller sheet essential. Overlays de- d. A "High Altitude" version
signed for use on the full-scale version must printed on a sheet 24.7 x 24.3 inches.
be reduced by one-third to adapt them to this It extends the chart up to 1 mb starting at
small-scale chart. 150 mb, thus overlapping the basic version

c. A "modified" version (DOD WPC from 150 to 100 mb. The analysis block over-
9-16A), printed on a sheet 20.5 x 15.5 inches. prints and the scale are the same as on the
This is a cut-out from the full-scale chart, WPC 9-16-1. The standard atmosphere curve
enlarged (but not photographically), and ex- reaches to the stratopause (47 kin). This
tending only from 1050 to 400 mb, and from chart is designed for special activities con-
-20*C to +50'C at the base. The auxiliary cerned with analysis of the upper portion
scales on the left and top are omitted, and of of high radiosonde flights and the lower
the overprinted material only the virtual tern- portion of rocketsonde flights.0 1-3
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e. A version of WPC 9-16, identified as
DOD WPC 9-16-2, with a refractivity over-
print. This is an aid in computing estimates
of anomalous radar propagation. The basis
and use of the overprint is described in
AWS TR 169 and in AWS TR 183.
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Chapter 2

DESCRIPTION OF THE SKEW-T CHART

2.1. Isobars. Isobars on the Skew-T Chart to accommodate some of the colder soundings
are horizontal, solid, brown lines spaced that occur in the tropical-tropopause region.
logarithmically for 10-mb intervals. Pres- To plot such soundings, it is suggested that
sure-value labels are printed at both ends for the upper part of the sounding (above
and in the center of isobars for each 50-mb 100 mb) the temperature scale be shifted to
interval from 1050 to 100 mb as shown in the right by 10C or 20*C and the isotherms
Figure 2. The upper portion of the chart in the area concerned be relabeled accord-
from 400 to 100 mb is also used for pres- ingly by hand. The slope of the dry adiabats
sure values from 100 to 25 mb. Labels for will no longer be exactly correct for such a
the latter range are printed in brackets at shifted scale, but the resultant error is small
the ends of the appropriate isobars. In case and of no consequence because one seldom is
it should be desired to plot as high as 10 mb interested in detailed stability analysis at
it is suggested that the range 1000 mb to such heights (usually in the stratosphere).
100 mb be used for the range 100 to 10 mb, Where the plot of a sounding passes off the
and the scale values for the latter be written left side of the chart, start the continuation
by hand beside the printed 1000- to 100-mb of the sounding at the pressure where this
values at the left of the diagram. occurs but offset 100 or 20°C to the right on

the temperature scale.

2.3. Dry Adiabats. The dry adiabats (see
Figure 4) are the slightly-curved, solid,
brown lines sloping from the lower right to

ICAO Standard Atmosphere height values are upper left. They indicate the rate of temper-
shown under appropriate isobar labels on the ature change in a parcel of dry air rising
left side. The values are given in both feet or descending adiabatically, i.e., with no loss
(in parentheses) and meters [ in brackets I. or gain of heat by the parcel. The dry adia-
The height values for the range from 1000 bat for each multiple of 100C is labeled,
to 100 mb are printed to the right of the left as shown in the figure, with the Celsius tern-
edge of the grid; those for the range from perature value of its point of intersection
100 to 25 mb are printed to the left of this with the 1000-mb isobar. (Note that the dry
boundary. adiabats are labeled in 0C, rather than OK

as on many other thermo dynamic diagrams,
2.2. Isotherms. Isotherms (see Figure 3) and care must be taken not to confuse these
are straight, solid, brown lines, sloping from labels with those for the ordinary isotherms
the lower left to upper right. The isotherm which are also labeled in 0C.) The dry
spacing is the same over the entire chart. adiabats for the upper portion of the chart
Isotherms are labeled for 50C intervals, and are labeled twice, to include the values
alternate 100C temperature bands are tinted (in parentheses) for the 100- to 25-mb pres-
green. A Fahrenheit temperature scale is sure range. On the chart, the spacing be-
printed along the bottom edge of the chart tween the dry adiabats decreases as their
to coincide with the appropriate isotherms. numerical value increases.

The scale of temperature in the region around 2.4. Saturation Adiabats. Saturation adia-
100 mb does not extend to values low enough bats (illustrated in Figure 5) are the

* 2-1
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slightly- curved, solid, green lines slvrping intersection with the 1000-mb isobar. The
from the lower right to upper left. They are saturation adiabats tend to become parallel
paths that the saturated air follows, and rep- to the dry adiabats at low values of moisture,
resent the rate of temperature change in a temperature, and pressure. They extend only
parcel of saturated air rising pseudo-adia- to the 200-mb isobar, because humidity ob-
batically - pseudo-adiabatic means all the servations are not routinely obtainable from
condensed water vapor is assumed to fall higher altitudes with present standard equip-
out immediately as the parcel rises (see ment.
par. 5.3 of this manual, and pp. 68-70 of
[ 33]). The condensation at all temperatures 2.5. Saturation Mixing-Ratio Lines. The
is assumed to be liquid water and therefore saturation mixing-ratio lines (see Figure
no latent heat of fusion is included (see par. 6) are the slightly-curved, dashed, green lines
5.3). Each saturation adiabat is labeled with sloping from the lower left to upper right.
the Celsius temperature value of its point of They are labeled in grams per kilogram; i.e.,
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in parts of water vapor per 1000 parts of dry black lines, each of which is placed midway
air. The spacing between the saturation between the two standard-pressure isobars
mixing-ratio lines decreases as their nu- to which it applies. The bounding pressures
merical value increases. The mixing ratio of the layer for each scale are labeled at its
at all temperatures is computed from the left end. Scales are included for the following
vapor pressure over a plane water surface. layers: 1000 to 700 nob, 1000 to 500 rob,
Like the saturation adiabats, the mixing-ratio 700 to 500 nib, 500 to 300 mb, 300 to 200 mb,
lines are txtended only to the 200-mb isobar. 200 to 150 mb, 150 to 100 mb, 100 to 50 mb,

and 50 to 25 rob. The scales are graduated
2.6. Thickness Scales. The nine thickness along the top in 20's or 10's and labeled in
scales on the Skew-T Chart (illustrated in hundreds of geopotential feet; along the bottom
Figure 7) are the horizontal, graduated, they are graduated in 10's and labeled in
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100's of geopotential metersl Each thickness 2.7. The 1000-mb Height Nomogram. The
scale may be used also for layers other than 1000-mb height nomogram, printed on the
that for which it is labeled, provided that full-scale version (DOD WPC 9-16) only,
the ratio of the boundary pressures is the as shown in Figure 8, consists of three black
same; paragraph 4.14 explains this proce- scales:
dure. If needed, additional thickness scales a. A temperature scale in whole 0C and
may also be constructed locally for any OF, extending horizontally along the top of the
desired layer (see pp. 109-116 of [33] ). chart.

4 Frmeteorological purposes, geopotential feet and meters canbe considered as geometric feet
or meters with very little error. (The exact relationship is explained in the Smnithsonian Me-
teorological Tables, Sixth Revised Edition [ 60] , which tabulates the resulting errors for all
heights and latitudes.)2-
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b. A pressure scale in whole millibars, 150C. The position of this line is also
extending vertically along the left side of the illustrated In Figure 8. The heights of pres-chart- sure surfaces in this standard atmosphere up

to 100 mb are indicated on the vertical scale
c. A height scale in geopotential whole (labeled ICAO STANDARD ATMOSPHERE

feet and meters, parallel to the pressure ALTITUDE) printed on the right side of the
scale. chart. This scale is graduated in geopotential

meters and feet (see Footnote 4). The heights
2.8. Standard Atmosphere Data. The ICAO of standard-pressure surf a c e s are also
Standard Atmosphere lapse rate is shown on printed at the left margin of the chart beneath
the Skew-T Chart as a heavy brown line each pressure value (1000, 950, 900,...etc.,
passing through the point at 1013 mb and to 10 mb).
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